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Correlation of Cardiac Electrical System Anatomy and ECG 



Action potential morphologies in different parts of the 
conduction system 

Anderson & Roden, Cardiac Arrhythmias: Basic Cardiac 
Electrophysiology and Anatomy in Cardiology 2E, edited 

by Crawford, DiMarco and Paulus, 2004 Elsevier 



Cardiac AP 

Brugada et al, CMAJ 2005; 3: 1349 - 1354 



Brugada et al, CMAJ 2005; 3: 1349 - 1354 

Cardiac AP 





Amplification of Spatial Dispersion of Repolarization 
Underlies Polymorphic VT/VF 

 Long QT Syndrome Preferential prolongation of APD 
 of M cells 

 

 Brugada Syndrome Preferential abbreviation of APD 
 of RV epicardium 
 

 Short QT Syndrome Preferential abbreviation of APD 
 of Endo- or Epicardium 

 Catecholaminergic VT Reversal of the direction of 
 activation of the ventricular wall 



Long QT Syndrome 



Spontaneous VF in LQTS 



    Chromosome Gene Ion Channel 

    LQT1 11 KCNQ1, KvLQT1  IKs 
    LQT2  7  KCNH2, HERG  IKr 
    LQT3  3 SCN5A, NaV1.5  Late INa 
    LQT4  4 Ankyrin-B, ANK2  Cai, Late INa ? 
    LQT5  21 KCNE1, minK  IKs 
    LQT6  21  KCNE2, MiRP1  IKr 
    LQT7* 17 KCNJ2, Kir2.1  IK1 

      LQT8** 6 CACNA1C, CaV1.2   ICa 
    LQT9 3 CAV3, Caveolin-3  Late INa 
    LQT10 11 SCN4B, NavB4  Late INa 
    Others? 

 *   Andersen –Tawil Syndrome 
**  Timothy Syndrome 

Gene Defects Responsible for the LQTS 



Moss et al. Circulation 1995 

ECG in Long QT-1-3 Syndrome 

        LQT-1            LQT-2                        LQT-3 

Broad based, prolonged and  
elevated T wave 

T wave with small amplitude 
biphasic 

prolonged isoelectric  
with late T wave 



42 85 59 80 53 156 

Antzelevitch and Shimizu. Curr Opin Cardiol 17, 43-51, 2002 
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Sensitivity adn specificity of QTc duration in LQTS 

Hofman et al, Eur Heart J 2007; 28:575-580 



QT interval 

Viskin S, Heart Rhythm 2009; 6: 711-715 

Distribution of QTc intervals of 117 LQTS mutation 
carriers and 113 healthy relatives (noncarriers) as 

reported by Vincent’s group 



QT interval 
Spectrum of QT intervals 

Viskin S, Heart Rhythm 2009; 6: 711-715 



Goldenberg and Moss, JACC, 2008; 51: 2291-2300 

Suggested Bazett-Corrected QTc values for diagnosing 
QT Prolongation 



Goldenberg and Moss, JACC, 2008; 51: 2291-2300 

Diagnostic criteria for LQTS 



„Bedside test“ for LQTS Diagnosis  

Viskin et al JACC 2010 

• Incompetence of QT shorting during sudden tachycardia in LQTS 

• 68 patients with LQTS, 82 controls, basal QTc 390 – 480ms 

• 12 ECG in supine position and after standing up 

• ECG analysis at rest, maximal heart rate and maximal QT 



„Bedside test“ for LQTS Diagnosis  

Viskin et al JACC 2010 



Hofman et al, Eur Heart J 2007; 28:575-580 

QTc duration in LQTS 



Goldenberg et al, JACC 2008 



Priori et al, N Engl J Med 2003; 348:1866-74 

Survival Free of Cardiac Events (n=580) 
Long QT Syndrome 



Triggers for sudden death  

Schwartz et al. Circ 2001 

        Sudden cardiac death                                        Cardiac event 

LQT 1: Emotional, physical stress (swimming) 

LQT 2: Emotional, physical stress, sudden loud noise (alarm clock) 

LQT 3: rest, sleep 



Intrinsic Heterogeneity - TDR 

Net Repolarizing Current 
(   IKr,   IKs,   IK1 ,  ICa,   late INa) 

EAD-induced 
triggered beat 

Prolongation of APD,  
preferentially in M cells 

    Long QT Interval 
    Dispersion of Repolarization 
      (Vulnerable window) 

Torsade de Pointes 
(Reentry) 

Agents with Class III  
Action (Sotalol, Chromanol 
 293B,  Bay K 8644, ATX-II) or 
Mutations in KCNQ1,KCNE1, 
KCNH2, KCNE2 & SCN5A, 
Hypertrophic and Dilated 
Cardiomyopathies 

 

Long QT Syndrome 



Anesthetics 
 Propofol 
Antianginal 
 Bepridil, Israpidine, Nicardipine 
Antiarrhythmic Drugs 
   Class IA 
 Quinidine,  Procainamide 
 Disopyramide 
   Class III 
 N-acetylprocainamide, sotalol, 
 Ibutilide, dofetilide 
Antibiotics 
 Erythromycin, Trimethoprim & 

Sulfamethaxazole, Pentamidine, 
 Clarithromycin 
Antihistamines 
 Terfenedine, Astemizole, 

diphenhydramine 
Muscle Relaxant 
 Tizanidine 

Drugs associated with  
LQTS and Torsade de Pointes 

Antifungal Agents 
 Ketoconazole 
 Flucoconazole 
 Itraconazole 
Diuretics 
 Indapamide 
Gastrointestinal 
 Cisapride 
Lipid Lowering 
 Probucol 

Psychotropics 
 Phenothiazines, Tricyclic 
    antidepressants (Amitriptyline) 
 Haloperidol, Pimozide 
Immunosuppressives 
 Tacrolimus 

Sedative/Hypnotics 
 Chloral hydrate 

Positive Inotropic 
 DPI 201-106 
Toxins 
 Antopleurin-A, ATX-II 
 Veratricline 
 Arsenic 
 Organophosphate insecticides 
 Liquid protein diets 

Hypokalemia 



Antzelevitch et al, JACC 28:1836-1848, 1996 





QT Syndrom (LQTS) 



(IKs 
Blocker) 

Shimizu and Antzelevitch. Circulation 98: 2314-22, 1998 



 

 



Age No. of 
Patients Symptoms No. (%) 

SCD/ACA 
Annual 

event rate 

1–12y 3015 21 % 53 
(1.8%) 0.15% 

10–20y 824 21 % 26 
(3.2%) 0.31% 

18–40y 812 23 % 50 
(6.1%) 0.28% 

40–75y 2759 21 % 
246 

8.9% 
0.47% 

International LQT Registry - Outcome 

Goldenberg et al Circulation 2008;  
Hobbs et al JAMA 2006;  
Sauer et al JACC 2007 



Age Reduction of ACA/SCD Patients on beta-
blockers 

1 – 12y 53 % 21 % 

10 – 20y 64 % 14 % 

18 – 40y 60 % 18 % 

40 - 75y 42 % 31 % 

MEAN 55 % 21 % 

Beta-Blockers in Long QT syndrome 

Mean event rate 0.32 SCD/SCA /year 



Sauer et al, JACC 2007 

Patients 18-40 years of age not stratified for symptoms 



Goldenberg and Moss, JACC, 2008; 51: 2291-2300 



Goldenberg and Moss, JACC, 2008; 51: 2291-2300 



Morts subites pendant adolescence 

Hobbs et al., JAMA 2006 



The Long QT Syndromes: LQT1 

Ruan et al, Circ Arrhythmia Electrophysiol 2008; 1:290-297 



The Long QT Syndromes: LQT2 

Ruan et al, Circ Arrhythmia Electrophysiol 2008; 1:290-297 



The Long QT Syndromes: LQT3 

Ruan et al, Circ Arrhythmia Electrophysiol 2008; 1:290-297 



Long QT Syndromes: LQT3 

Sensitive to Mexiletine Insensitive to Mexiletine 

Ruan et al, Circ Arrhythmia Electrophysiol 2008; 1:290-297 



Inherited Long QT Syndromes 

Ruan et al, Circ Arrhythmia Electrophysiol 2008; 1:290-297 


